tive risk, 0.92 [95% confidence interval, 0.88-0.97]). Conversely, the lowest-income beneficiaries received lower rates of evidence-based medical treatment and had higher adjusted 30-day and 1-year mortality rates relative to the middle-income beneficiaries (30-day relative risk, 1.09 [95% confidence interval, 1.04-1.13]; and 1-year relative risk, 1.05 [95% confidence interval, 1.00-1.10]). Coronary revascularization rates were similar among income groups.
Conclusions: Despite the Medicare entitlement, there remain significant socioeconomic disparities in medical treatment and mortality among elderly patients following acute myocardial infarction. Income was independently associated with short-and long-term mortality. More research is required to determine the mechanisms contributing to adverse outcomes among poor elderly patients and to determine whether expansion of Medicare coverage will alleviate these disparities. Med. 2004; 164:1128 -1133 A CCORDING TO THE US CENsus Bureau, 11% of the US population falls below the poverty level. Americans older than 65 years account for 17% of those defined as poor. 1 For these elderly Americans, "universal" hospital care coverage is provided in the form of Medicare Part A, but this federal program falls short of covering many medical expenses. 2 Studies in the United States 3, 4 and in countries with greater levels of universal health care 5, 6 have documented socioeconomic disparities in the medical and invasive treatment of acute myocardial infarction (MI). For example, an analysis of the Cooperative Cardiovascular Project (CCP) found that poor elderly patients with acute MI were somewhat less likely to receive reperfusion therapy on hospital admission, aspirin during the hospitalization, and aspirin and ␤-blockers at hospital discharge. 3 However, whether these disparities in care processes account for increased mortality among poor elderly patients was not examined. Furthermore, to our knowledge, the issue of whether higher-income Medicare beneficiaries receive better care and have better outcomes has never before been considered. Therefore, we sought to determine the association between socioeconomic status (SES), MI treatment, and mortality across an income spectrum of Medicare beneficiaries.
Arch Intern

METHODS
COOPERATIVE CARDIOVASCULAR PROJECT
The CCP is an ongoing national program developed ence an acute MI. 7 Patients in the CCP include a sample of Medicare beneficiaries discharged from a nongovernmental acutecare hospital in the United States following initial hospitalization for acute MI between January 1994 and February 1996, with the exception of MI-related readmissions (International Classification of Diseases, Ninth Revision, Clinical Modification code 410.x0 or 410.x1). Subjects (n=206986) were identified based on UB-92 claims in the Medicare National Claims History File associated with hospitalizations during a random 8-month period, which varied for each state. Sampling was modified in Alabama, Connecticut, Iowa, and Wisconsin because these states participated in the CCP pilot sample. Sampling was also modified in Minnesota because of an ongoing state study.
Medical records for each sampled hospitalization were forwarded to data abstraction centers. The methods of abstraction have been described in detail, and included more than 140 variables from each record. 7 Data were collected regarding demographics, medications, medical history, clinical presentation, admission therapies, diagnostic tests, laboratory test results, procedures, in-hospital events, and discharge therapies. Data quality was maintained by trained technicians, software abstraction modules, and random data auditing.
STUDY SAMPLE
The present analysis was limited to patients 65 years and older with a confirmed diagnosis of MI. Myocardial infarction was defined, as in previous studies, as elevation of the creatine kinase-MB level by more than 5%, elevation of lactate dehydrogenase levels with isoenzyme reversal (lactate dehydrogenase 1 Ͼ lactate dehydrogenase 2 ), or 2 of the following criteria: chest pain during the previous 48 hours, a 2-fold elevation in creatine kinase level, or electrocardiographic changes (STsegment elevation or new Q waves). 7 For patients with multiple admissions for MI or readmissions during the study period, only data from the first admission were used. In addition, patients with invalid ZIP codes, those treated outside the 50 states and the District of Columbia, and those transferred to another acute-care facility were excluded.
DEFINITIONS AND END POINTS
Socioeconomic status was defined according to the ZIP code of residence. 3 Subjects were grouped into 10 deciles of increasing income (income cutoffs for each decile were as follows: Յ$18382, $18382, $21146, $23180, $25525, $27569, $30406, $33353, $37539, and $44647). The lowest income decile corresponded approximately to median annual incomes at or below twice the weighted average poverty threshold in 1995 for householders 65 years or older, as defined by the US Census Bureau. 1 Patients residing in ZIP codes where the median annual incomes were in this income decile of the CCP were defined as low income. Patients residing in ZIP codes where the median annual incomes were in the highest income decile of the CCP (Ͼ$44647) were defined as high income. Patients residing in ZIP codes where the median annual incomes were between the lowest and highest income deciles ($21 146-$37539) were grouped together and defined as middle income.
The primary end points were 30-day and 1-year mortality. All patients who met the inclusion criteria were considered for the 30-day end point; only patients surviving to 30 days were considered for the 1-year end point.
PREDICTOR VARIABLES
Based on clinical experience and a published 1-year mortality model using the CCP, 8 the following candidate predictor variables were identified for inclusion in the mortality models: age; sex; race; heart rate; systolic blood pressure at hospital arrival; serum urea nitrogen level; MI location; Killip class at admission; prior acute MI or coronary artery bypass surgery; current smoking status; diabetes mellitus; history of hypertension, stroke, dementia, chronic obstructive pulmonary disease, or congestive heart failure; inability to walk or incontinence before admission; shock at arrival; chest pain for more than 12 hours before admission; refusal of thrombolytic agents; and cardiomegaly. Hospital characteristics that were considered in the mortality models were the presence of a cardiac catheterization laboratory, medical school affiliation, and rural location. 2 Tests and an analysis of variance were used to examine differences in categorical and continuous variables, respectively. The associations between income level and 30-day and 1-year mortality among the high-and low-income groups were determined using the middle-income group as the reference.
STATISTICAL ANALYSIS
Stepwise logistic regression procedures were used to identify 30-day and 1-year mortality models based on clinical variables only, retaining terms with a Wald 2 Ͼ20. Dummy variables indicating missing values were included in the multivariate analyses.
During model development, we tested for nonlinear associations and for the potential influence of out-of-range values. Interaction terms were used to explore the effect of age, race, and sex on income level in predicting mortality.
To assess whether differences in medical therapy or revascularization procedures accounted for differences in 30-day and 1-year mortality, treatment variables for reperfusion therapy (either thrombolytic therapy or primary angioplasty), aspirin, ␤-blockers, coronary angioplasty, and bypass surgery were added to the mortality models. To assess if differences in hospital characteristics accounted for differences in 30-day and 1-year mortality, hospital variables for the presence of cardiac catheterization facilities, medical school affiliation, and rural location were added to the final mortality models.
For both models, the robustness of the findings was explored by repeating the analysis using deciles of income and including an indicator variable signifying "ideal" candidates for reperfusion and medical therapy during hospitalization and at discharge based on the absence of previously described contraindications. 3 Each model adjusted for clustering of patients according to hospital. Odds ratios were converted to relative risk ratios using the method proposed by Zhang and Yu. 9 Model discrimination was assessed using the C statistic, and model calibration was assessed using the Hosmer-Lemeshow 2 statistic.
RESULTS
Of the CCP population, 132130 patients 65 years and older with acute MI met the study criteria; 13 354 patients met the definition of low income, and 13214 patients met the definition of high income. Table 1 shows the baseline characteristics of the groups defined by income. Low-income subjects were aged a mean of 76 years and were more likely to be black and female compared with the middle-and high-income subjects. They were also more likely to have risk factors for coronary artery disease, such as smoking, diabetes mellitus, hypertension, and a previous history of stroke, and other chronic medical conditions, such as incontinence and immobility. Low-income patients presented later and were more likely to present with an anterior infarction. They were also less likely to be admitted to teaching hospitals or hospitals with cardiac catheterization facilities.
The converse was true for high-income patients. They were older, less likely to be smokers, and less likely to have a history of diabetes mellitus and prior stroke compared with the middle-and low-income patients. They were, however, more likely to have a history of bypass surgery. High-income patients presented earlier than the low-and middle-income subjects and were more likely to present with an ST-segment elevation. They were also more likely to be treated at teaching hospitals and hospitals with cardiac catheterization laboratories. Table 2 shows the rates of medical therapies and in-hospital revascularization procedures for the low-, middle-, and high-income patients. As documented in a related study 3 regarding medications and poverty, significantly fewer low-income patients received reperfusion therapy at admission, aspirin during hospitalization, ␤-blockers at discharge, and smoking cessation counseling. The rates of reperfusion therapy, aspirin use during hospitalization, and ␤-blockers at discharge increased with higher income. Although there were fewer smokers in the high-income group, they received more smoking cessation counseling. There were no clinically significant differences among the income cohorts in the use of angioplasty or bypass surgery. Figure 1 shows the unadjusted 30-day and 1-year mortality rates according to deciles of income. Mortality was higher at 30 days and 1 year for lower-income subjects (PϽ.01 for trend for 30-day and 1-year mortality). After adjustment for clinical characteristics, evidencebased medical therapy, revascularization, hospital characteristics, and patient clustering, the relative risk of death at 30 days continued to be significantly higher for lowincome patients and lower for high-income patients compared with the middle-income group (Figure 2) . Among those surviving to 30 days, income level also was associated with 1-year mortality after similar adjustment for patient characteristics, treatment, hospital characteristics, and patient clustering (Figure 3) . Low-income patients had a higher 1-year mortality and high-income patients had a lower 1-year mortality compared with the middle-income patients. There was a significant interaction between income level and age in the 1-year mortality model (PϽ.01), such that the association between income and mortality was concentrated in patients younger than 75 years.
The association between SES and outcome could not be accounted for by the imbalance in race across the income groups, because black patients had lower adjusted 30-day and 1-year mortality rates regardless of income level. The findings regarding 30-day and 1-year mortal- ity remained apparent after adjusting for ideal status and when patients in the middle-income range were further subdivided into deciles of income (Figure 4) . Relative to the sixth decile of income, the greatest differences in mortality continued to be identified at the income extremes.
COMMENT
This study confirmed socioeconomic differences in the evidence-based medical treatment of acute MI and documented an association between SES and outcome after acute MI. The highest-income Medicare beneficiaries presented earlier to the hospital, were more likely to be treated at hospitals with catheterization facilities and a medical school affiliation, received higher rates of evidencebased medical therapy, and had better survival at 30 days and 1 year. Conversely, the poorest elderly Americans presented later, received lower rates of evidence-based medical treatment, and had higher 30-day and 1-year mortality rates. After adjusting for differences in patient and hospital characteristics and differences in medical treatment, SES was independently associated with mortality. To our knowledge, this study is the first to evaluate the impact of SES on mortality from acute MI in the United States. To our knowledge, it is also the first to identify better care and outcomes for the higher-income Americans in the Medicare system. The findings of this study are consistent with those of studies 5, 6, [10] [11] [12] conducted in other countries with greater levels of universally available health care. For example, a study from the FINMONICA MI Register in Finland found that low-income patients had twice the risk of prehospital death after MI than high-income patients. After limiting the analysis to hospitalized patients, poor patients were still at higher risk for 28-day and 1-year mortality. 10, 11 Similarly, a population-based study 12 in Scotland found that increasing socioeconomic deprivation was associated with increased preadmission mortality, inhospital mortality, and 30-day mortality after MI. By using the Scotland MONICA Register, Morrison et al 5 found that lower SES was associated with higher rates of coronary events and mortality from coronary heart disease. Alter and colleagues 6 examined the Ontario Myocardial Infarction Database to determine the effect of income on the use of invasive procedures and outcome from MI. By using neighborhood income to define poverty, they found that patients from poor communities were less likely to undergo coronary angiography and revascularization, and had a higher 1-year mortality. The persistence of socioeconomic differences in health systems with greater levels of universal care and the finding of treatment differentials during hospitalization in the US system suggest that expansion of the Medicare program may not entirely relieve economic health care disparities.
Factors associated with SES other than differences in hospital treatment and discharge medications may be responsible for the adverse outcome seen in poor elderly patients. For example, 2 studies 13, 14 have found that poor patients are less likely to undergo secondary prevention measures and are less likely to attend cardiac rehabilitation. Studies 15, 16 also suggest that environmental influences cannot be ignored. Neighborhoods differ in access to medical care facilities, the number of advertisements for tobacco products, 17 and safety, all of which may influence mortality. 15 In addition, SES may be associated with certain behaviors that affect outcome, such as noncompliance with discharge medications because of financial constraints. Because medication costs represent a substantial expense that is not covered by Medicare, it is possible that disparities in medical therapy in the year following discharge contributed to differences in 1-year mortality. Whether the provision of federal medication insurance would lead to better outcomes for lowincome elderly patients is unknown.
Some of the differences in admission and discharge therapy shown in our study can be explained by differences in patient characteristics among the 3 income levels. For example, low-income patients were less likely to receive reperfusion therapy at admission but also presented later than patients in the higher-income groups. It is likely that the later presentation removed some patients from consideration for thrombolytic therapy. 18 In addition, higher rates of chronic obstructive pulmonary disease among low-income elderly patients may have led to lower rates of ␤-blocker prescription at discharge. 3 However, 2 factors that cannot be accounted for by patient characteristics are the lower rates of aspirin use during hospitalization and the lower rate of smoking cessation counseling despite a higher rate of smoking among the low-income patients.
The similarity in the rates of coronary angioplasty and bypass surgery across the 3 income levels seen in our study differs from previous analyses 4, 6 that have found lower rates of cardiac catheterization and revascularization among the poor. The former studies differed from our analysis in that they were based on data from a single state registry, 4 were conducted outside the United States, 6 or did not specifically focus on elderly patients. The lack of disparity in revascularization rates in our study may be explained by 2 other federally established health insurance programs available to elderly patients to cover procedures: Medicare Part B and Medicaid. Approximately 96% of elderly persons are covered by Medicare Part B, and 40% of poor elderly persons are covered by Medicaid. 19 Both of these programs also cover physician fees, and the latter program also provides some outpa- Figure 3 . Relative risks and 95% confidence intervals for 1-year mortality by income level alone, after adjusting for clinical predictors of 1-year mortality only, and after adjusting for clinical predictors of 1-year mortality, hospital admission and discharge medical treatment, in-hospital procedures, hospital characteristics, and patient clustering (the middle-income group is the reference). Relative risks for 30-day and 1-year mortality by income decile after adjusting for clinical predictors of 30-day and 1-year mortality, hospital admission and discharge medical treatment, in-hospital procedures, hospital characteristics, patient clustering, and "ideal" status for reperfusion therapy, aspirin use during hospitalization and at discharge, and ␤-blocker use during hospitalization and at discharge (the sixth income decile is the reference) (PϽ.01 for trend for 30-day and 1-year relative risks). Decile 1 is the poorest; and decile 10, the richest. tient medication benefits. In concert with the Medicare Part A universal hospital entitlement, these governmental health insurance programs may have mitigated any differences in the rates of cardiac procedures among persons of varying socioeconomic levels.
There are some limitations to our analyses. First, we defined income level using the median income from the ZIP code of residence. Although this approach has been used by most studies 3, 6 examining socioeconomic disparities, it may misclassify individual patients whose incomes do not follow the average for that region. Such measurement error has been found to lead to downward bias in the coefficient of SES in statistical models. 20 Therefore, our analyses are likely to have underestimated the true association of income level with survival. Second, it is possible that our analyses are a reflection of community characteristics rather than a reflection of personal income. Diez Roux et al 15 examined the Atherosclerosis Risk in Communities population and found that residence in a disadvantaged neighborhood almost doubled the hazard ratio for coronary heart disease after adjusting for age, personal income, occupation, and educational level. Third, we did not distinguish between cardiovascular-and non-cardiovascular-related mortality. The increased 1-year mortality among the lowestincome patients could have been secondary to noncardiac causes of death. The data available in CCP do not include information on treatment occurring after hospitalization, such as cardiac rehabilitation, compliance with discharge medications, secondary prevention measures, or additional revascularization procedures, all of which influence cardiac-related mortality but would not necessarily affect non-cardiac-related mortality.
In conclusion, these data show that even in a setting of universal hospital care coverage for elderly patients in the United States, there is a significant incomerelated difference in mortality following acute MI. This association between SES and outcome was independent of patient and hospital characteristics, and persisted after adjustment for disparities in care processes. The wealthiest Medicare beneficiaries presented earlier, were more likely to receive evidence-based care, and had the lowest adjusted mortality, while the converse findings of later presentation, less evidence-based care, and the highest mortality were observed among the lowest-income beneficiaries. Further study is needed to determine the reasons for the increased mortality among poor elderly patients and to determine if expansion of the Medicare program would reduce these disparities. 
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